Direct Numerical Simulation (DNS) of decaying isotropic 3D magnetohydrodynamic (MHD) turbulence based on the 1024 3 -modes in a periodic box is used to study the statistical properties of turbulence. In this paper, the presence of intermittency in MHD turbulence is investigated through the analysis of the Probability Distribution Function (PDF) for Elsässer fields and total energy fluctuations. We observe that the PDFs of the Elsässer fields fluctuations display a strong non-Gaussian behavior at small scale, which can be ascribed to multifractality feature, while the PDFs of the total energy fluctuations have the same shape over all observed scales and are monofractal. The PDFs have stretched exponential tail and satisfy the function P(| δX |) ∼ exp(−A | δX | µ ). Numerically, we extract the exponent µ and find that it is constant for monofractal behavior as the length scale varies. To check the notion of self-similarity in the respective fluctuation, we apply the compensated structure functions.
Introduction
One of the important features of turbulent systems is inertial-range intermittency. The anomalous scaling in the inertial range and the exponential tails in the probability density functions (PDF) of velocity fluctuations are ascribed to the intermittency in turbulent flows. The intermittency behavior of velocity increments in the inertial range has been a controversial subject during the years [1] . The Kolmogorov-Obukhov refined similarity hypothe- * E-mail: momeni@shahroodut.ac.ir sis which was based on the dissipation rate averaged over a sphere with diameter of leads to scaling law for the moments of velocity structure functions (SF) [2]
(1) where δ is two-point increments and ε is the energy dissipation, averaged over a sphere of size . The brackets indicate ensemble averaging. This approach is motivated by the observation that turbulence energy dissipation is not homogeneously distributed in space. However the presence of intermittency in the system refer to the spatial distribution of the dissipation ε by introducing of scaling
It turns out that
where ζ = τ( /3) + /3 is a nonlinear function of and then the dissipation rate is multifractal. On the other hand, magnetohydrodynamic (MHD) flows, such as laboratory plasmas (tokamaks [3, 5] ), and of astrophysical plasmas (the solar wind, interstellar medium [6]) can represent a fully developed turbulence. However, MHD flows as a nonlinear system of magnetized fluids, due to their large Reynolds number are also the only accessible medium to study MHD turbulence. We try to simulate MHD flows with direct numerical method. Physically, MHD turbulence systems are more complex than fluid turbulence due to the coupling vector fields, velocity and magnetic , and two dissipation parameters, viscosity and resistivity. It requires powerful statistical tools to describe such systems [7] . An Intermittency has been observed in MHD flows [3] , in particular, in experimental studies, analyses of satellite measurements of solar wind fluctuations [8, 10, 11] and in high resolution 3D numerical simulations [12] [13] [14] . All these analysis deal with the scaling exponents of structure functions, aimed to show that they follow anomalous scaling laws which can be compared with the usual energy cascade models for turbulence. In non-intermittent case the scaling exponent ζ of the Elsässer fields SF,
, displays a linear dependence on the ; this dependence is ζ = /3 in Kolmogorov's theory and ζ = /4 in Iroshnikov-Kraichnan's theory. However, experimental observations and numerical computational due to varying energy transfer in the inertial range have shown a nonlinear behavior of such scaling exponents. The presence of intermittency in MHD flows is simply confirmed by the departure from the Gaussian distribution at small scale [16] and suggests a multifractal model to approximate the shapes of the PDFs. Single point measurements can not uniquely determine the existence of turbulence and then we need to construct increments of the respective turbulence field. The statistical properties of MHD turbulence are characterized by the PDFs and SFs of the Elsässer field, ± = ± fluctuations over varying scale. DNS of homogeneous isotropic 3D MHD turbulence have been used to understand such phenomenon. Indeed, only numerical simulations with considerable high resolutions have become a convenient method to simulate real system such as the solar wind. We attempt one such simulation. In this work we investigate the behavior of the PDFs and SFs of the following parameters namely i) the Elsässer fields ± fluctuations, and ii) the total (magnetic + kinetic) energy density fluctuations. We observe that the PDFs of the Elsässer fields display well-known multifractal characteristics while the PDFs of the total energy have leptokurtic distribution and are self-similar over all observed scales and show the monoscaling feature. The tail of PDFs follow from a exponential law and can be used to characterize the statistical properties of turbulence in and beyond the inertial range of scales [17] .
MHD simulation
We can write the incompressible MHD equations in term of the vorticity ω and the magnetic field ,
where µ and η are kinematic viscosity and magnetic diffusivity, respectively and ∇ · = ∇ · = 0. To simplify the notation, we normalize the MHD equations with respect to the Alfvén time τ A = L/ A , where L is a convenient scale length, A = B 0 / 4πρ 0 and B 0 is a typical magnetic field. It is more convenient to show the equations in a symmetrical form, in term of Elsässer fields with given in Alfven speed unit,
where
is the total pressure and ∇ · ± = 0. Equations (4 -6) or equation (7) are solved in a cubic box of size 2π with periodic boundary conditions. We restrict our calculations to the small mean correlation
which lead to set + − = . In equation ( ]. For finite ρ, the respective energy spectra can differ considerably [18] , demanding a more complex theoretical approach [19] . To study the nonlinear
